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Description 

IMPROVED 2 -STAGE LARGE BANDWIDTH 
AMPLIFIER USING DIODES IN THE 
PARALLEL FEEDBACK STRUCTURE 

Background of Invention 

[0001] The present invention relates to high speed transmission 
systems and more particularly to an improved 2-stage 
large bandwidth amplifier with diodes in the parallel feed- 
back structure. 

[0002] | n high speed transmission systems such as those in- 
volved in the forthcoming 10 Cb/s Ethernet, the signal af- 
ter transmission along a media is largely attenuated and 
needs to be amplified before any operation is performed 
in the receiving section (A/D conversion, clock synchro- 
nization, data serialization, ... etc.). The amplification cir- 
cuits of these systems must work at the highest possible 
speed because bits are serialized in the emitting section 
before they are sent on a single transmission channel. As 
a result, bandwidth and gain constraints are imposed to 



the amplification circuits on the receiving side of these 
high speed transmission systems. 

[0003] Conventional amplification solutions are based on bipolar 
devices that are superior to MOSFET devices because of 
their higher Ft (transition frequency). The traditional 
tradeoff between gain and bandwidth usually requires 
multiple cascaded stages of amplifying bipolar transistors 
mounted in common emitter and connected in series with 
a resistive load on the collector of the output transistor. A 
known refinement is to place a parallel feedback structure 
from one stage to the preceding one, as shown in FIG. 1. 

[0004] n ow turning to FIG. 1, there is shown such a conventional 
amplifier referenced 10 that is comprised of two stages 
simply formed by two bipolar transistors Ql and Q2 for 
the sake of simplicity that are connected in series. The 
collector of transistor Ql is connected to the base of tran- 
sistor Q2. The input signal V is applied to the base of in- 
put transistor Ql via input terminal 11, while the output 
signal V is available at output terminal 12 connected to 
the collector of the output transistor Q2. The parallel 
feedback structure 13 consists of a voltage divider com- 
prised of resistors Rl and R2 and a bipolar transistor Q3, 
referred to as the feedback transistor, configured in emit- 



ter follower, that is connected in series with a load resis- 
tor Rf. Feedback transistor Q3 injects the feedback signal 
V through said resistor Rf at node 14 to the connecting 
node of transistors Ql and Q2, that is referenced 15. The 
voltage at this node 15 is referenced V . In normal opera- 
tion, when the feedback structure is implemented, nodes 
14 and 15 are merged and voltages V f and V_ are identi- 
cal, this distinction is only worth when the feedback 
structure 13 is made inoperative, e.g. by cutting the wire 
between nodes 14 and 15 (as it will be explained later on 
in due course). Amplifier 10 is biased between a positive 
voltage Vcc and the ground Gnd. A similar circuit is de- 
scribed in the article "High-Bit-rate, High-In- 
put-Sensitivity Decision Circuit Using Si Bipolar Technol- 
ogy" by K.lshii et al, IEEE Journal of Solid-State Circuits, 
vol 29, No 5, May 1994. 
[0005] This parallel feedback structure is useful because it re- 
duces the collector-base capacitance of input transistor 
Ql, which is the cause of the bandwidth roll-off at high 
frequencies. Nevertheless, the overall bandwidth of ampli- 
fier 10 is still limited by the second stage, i.e. Output 
transistor Q2, because the collector capacitance of tran- 
sistor Q2 remains large. Moreover, the gain of transistor 



Q2 is strongly related to the value of resistors Rl and R2 
and to its transconductance which vary independently of 
one another. Finally, amplifier 10 is often unstable, be- 
cause the gain of feedback structure 13 is quite often 

greater than 1. 
Summary of Invention 

[0006] it is therefore a primary object of the present invention to 
provide an improved 2-stage large bandwidth amplifier 
with diodes in the parallel feedback structure that signifi- 
cantly extends the output transistor Q2 bandwidth, and 
thus the overall amplifier bandwidth. 

[0007] it i S another object of the present invention to provide an 
improved 2-stage large bandwidth amplifier with diodes 
in the parallel feedback structure wherein the gain of the 
output transistor Q2 is better controlled, and thus the 
overall amplifier gain. 

[0008] it is another object of the present invention to provide an 
improved 2-stage large bandwidth amplifier with diodes 
in the parallel feedback structure wherein the gain of the 
feedback loop is adjusted to be lower than 1 for greater 
stability. 

[0009] According to the present invention there is described an 
improved 2-stage large bandwidth amplifier with diodes 



in the parallel feedback structure comprising: 
[0010] two amplification stages formed by first and second bipo- 
lar transistors configured in common emitter that are 
connected in series so that the collector of the first tran- 
sistor and the base of the second transistor form a con- 
necting node and with their emitters tied to a first supply 
voltage; 

[0011] an input terminal receiving the input signal connected to 
the base of said first transistor; 

[0012] an output terminal connected to the collector of said sec- 
ond transistor where the output signal is available; 

[0013] a parallel feedback structure consisting in one branch of 
two diodes connected in series between the collector of 
said second bipolar transistor and a second supply volt- 
age and in another branch, of a third bipolar transistor, 
configured in emitter follower with a load resistor in series 
with the emitter, the collector of which is connected to the 
second supply voltage and the base is connected to the 
common node of said diodes, said third bipolar transistor 
injects the feedback signal at said connecting node of said 
first and second bipolar transistors. 

[0014] The novel features believed to be characteristic of this in- 
vention are set forth in the appended claims. The inven- 



tion itself, however, as well as other objects and advan- 
tages thereof, may be best understood by reference to the 
following detailed description of an illustrated preferred 
embodiment to be read in conjunction with the accompa- 
nying drawings. 
Brief Description of Drawings 

[0015] FIG. 1 shows a conventional large bandwidth two-stage 
amplifier with a parallel feedback structure including a 
voltage divider made of two resistors. 

[0016] FIG. 2 shows the amplifier of FIG. 1 improved according to 
the present invention to implement two diodes in the par- 
allel feedback structure. 

[0017] FIG. 3 shows the gain versus the frequency response 

curves of both the conventional and improved amplifiers. 
Detailed Description 

[0018] According to the teachings of the present invention, the 

amplifier shown in FIG. 1 is improved by reducing the col- 
lector capacitance of the output transistor Q2 and getting 
substantially identical bandwidth for each stage. Now 
turning to FIG. 2, where the improved amplifier circuit is 
referenced 20, these objectives are met by replacing the 
two resistors Rl and R2 by two diode-connected bipolar 



devices labeled Dl and D2, which can be identical devices. 
Surprisingly, these diodes Dl and D2 which are not linear 
elements, perform better than resistors that are perfectly 
linear. The lower resistance that is presented by the two 
diodes Dl and D2 also reveals to be a valuable contribu- 
tion to the expected results. This construction minimizes 
the capacitance loading on the collector of transistor Q2 
and improves the bandwidth of the second stage. The 
common node between the two diodes is used as the in- 
termediate tap of the resistor divider to still bias transis- 
tor Q3 base. But, the feedback ratio is now set by the 
transconductance ratio (gm) of the diodes. The usual 
value of gm for standard diodes is in the 25 Ohm -1 range 
for a 1mA bias. The "dynamic resistance", equal to 1/gm, 
is thus lower than the resistance value that is used to cor- 
rectly bias the feedback transistor Q3 in conventional am- 
plifier 10, which is rather in the 50 to 200 Ohms range. 
[0019] |_ e t U s assume that amplification transistors Ql and Q2 
and feedback devices Q3 and Rf are identical, and the di- 
mensions of devices R1/R2 and D1/D2 are tuned to ob- 
tain the maximum bandwidth in either case. Curves 31 
and 32 shown in FIG. 3, illustrate the frequency response 
of amplifiers 10 and 20 respectively. The improved ampli- 



fier 20 thus significantly extends the bandwidth of the 
conventional amplifier 10 above the 20 GHz range, i.e. by 
a factor of at least two, in the same operating conditions. 
In addition, as apparent in FIG. 3, at 20 GHz, the improve- 
ment in terms of gain is greater than 10 dB. Assuming 
R1 = R2 = R and D1 = D2 = D, Table 1 below gives simulation 
results for the two amplifiers, allowing a comparison be- 
tween their respective performance. 



Table 1 

Unit Conventional Improved 



Gain 1 st stage 


dB 


6.84 


10.95 


Gain 2 nd stage 


dB 


13.17 


5.57 


Total Gain 


dB 


19.65 


16.52 


Bandwidth 1 st stage 


GHz 


36.27 


25.61 


Bandwidth 2 nd stage 


GHz 


2.69 


23.89 


Total Bandwidth 


GHz 


10.22 


21.96 



[0020] As apparent in Table 1, the improved amplifier 20 has a 
significantly higher bandwidth (at the cost of a small re- 
duction of the gain) demonstrating thereby the merits of 
the proposed solution. Note that, with other dimension 
adjustments, a higher gain with similar bandwidth could 
be obtained as well. The second stage which benefits from 
the diode loading on the collector of output transistor Q2 
has a bandwidth about 10 times larger than with a resis- 
tive load. Applicants' inventors have also noticed another 
advantages of the improved amplifier 20, not identifiable 



from Table 1 and in FIG. 3. The gain peaking in the first 
stage is twice larger with the conventional amplifier than 
with the improved amplifier (8 dB at 8 GHz vs 1 dB at 16 
GHz). 

[0021] Moreover, the gain of the second stage is defined by the 

gmQ2x(Rl + R2) product in the conventional solution, 

where gmQ2 is the transconductance of transistor Q2. In 

the proposed circuit, the gain becomes gmQ2x(gmDl 
-l -l 

+gmD2 ), where gmDl and gmD2 are the transcon- 
ductance of diodes Dl and D2 that is approximately equal 
to 2. Typically, diodes Dl and D2, are identical devices 
and are made of a bipolar transistor having the same di- 
mensions that transistor Q2, the base-collector junction 
of which being short-circuited, to match transistor Q2. As 
a result, there is less variations across a full process range 
than with the conventional design of amplifier 10 because 
of the natural matching of identical components. Table 2 
below shows a comparison between the conventional and 
improved amplifiers in terms of statistical performance. 

Table 2 

Conventional Improved 

Gain[dB] £5 oT* lUn"^ ^ Sigma Min " Max 

Bandwidth [G HZ] ^ ° ; « 13.7-17.2 

[0022] The process and mismatch variations give lower standard 



deviations of the gain and of the bandwidth because of 
the good component matching mentioned above that 
control the variation of the gain of the second stage of 
improved amplifier 20. As apparent from Table 2, the 
standard deviations (sigma) in terms of gain and band- 
width are reduced by approximately 40%. This consider- 
ably helps to improve the manufacturing yield. 
[0023] The stability of both circuits 10 and 20 can be analyzed by 
comparing the feedback signal V to signal V_ on the col- 
lector of Ql and compute the value of the feedback loop 
gain V /V ■ To that end, the feedback loop between nodes 
14 and 15 is broken. This can be expressed as: V /V =(V / 

f c f 

V )x(V /V )x(V /V ), where V is the voltage at the 

m m out out cm 

common node (tap) of the two resistors (FIG. 1) or the two 
diodes (FIG. 2) and V the output signal at collector of 

out 

transistor Q2. The V /V ratio is approximately equal to 

f m 

0.9 for an typical emitter follower stage. The V /V ratio 

3 m out 

equals R1/(R1 + R2) for circuit 10 and is equal to grnDl - / 
(gmDl _1 +gmD2 _1 ) for circuit 20, while the V /V ratio is 

out c 

equal to gmQ2x(Rl + R2) and gmQ2x(gmDl~ +gmD2~ ) 
respectively. 

[0024] After simplification, the V /V ratio gives a value of 

f out 

0.9xgmQ2xRl for the conventional circuit 10 and 0.9 for 



the improved circuit 20 of the present invention. The first 
expression can lead to values superior to 1 and thus can 
cause instability during the design phase but also during 
manufacturing where variations of process can increase 
the value of gmQ2 or Rl. The improved circuit 20 is never 
unstable since the loop gain is always smaller than 1. 

[0025] while the invention has been particularly described with 
respect to a preferred embodiment thereof it should be 
understood by one skilled in the art that the foregoing 
and other changes in form and details may be made 
therein without departing from the spirit and scope of the 
invention. 

[0026] What is claimed is: 



